Passive Mode-locking (PML) of semiconductor lasers is a most promising method for the generation of low repetition rate picosecond pulses, which is of paramount importance for a number of applications. Because of the long round-trip times and fast time scales of the field evolution this regime is computationally very intensive. Studying the pulse train dynamics and temporal jitter can require simulations over hundreds of thousands of roundtrips. If, in addition to the longitudinal dynamics, transverse diffraction of the beam or thermal processes are considered, the problem becomes intractable.
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The Haus master equation [1] is a widely used approach to study PML. By considering a partial differential equation (PDE) model one can restrict the analysis of the field to a small temporal interval around the pulse, making the approach computationally efficient. Yet this method, when applied to a particular design, provides only qualitative predictions due to the many simplifying hypothesis involved.
We present a method that combines the accuracy of first principle time-delayed models with the computational efficiency of the Haus master equation. Our method is based upon computing only the so-called fast stage in the vicinity of the pulse where stimulated emission is dominant, while using an approximate analytical solution of the dynamics during the slow stages in-between pulses. We illustrate the idea of the functional mapping (FM) using the DDE model of [2] that considers unidirectional propagation in a ring laser, however it can be used in other models as well, including approaches using delay algebraic equations (DAEs) like [3] . The equations for the field amplitude A, the gain G and the absorption Q reaḋ
We wrote Eq. (1) in a form that makes apparent that the forcing field Y (t − τ) defined in Eq. (4) is a nonlinear function that is known over a whole interval of duration τ. Since gain G and losses Q are functions of A, Y involves only the past values of the field, i.e., Y (t − τ) = g [A (t − τ)]. Knowing the forcing term Y , Eq. (1) can be solved for A over an interval of duration τ. Integrating Eqs. (1-4) , not over the whole round-trips, but only in a selected time interval in the pulse vicinity, is at the core of the functional mapping (FM) method. The speedup of the FM is equal to the ratio of the actual integration domain 2δ and of the full round-trip τ, i.e., m = τ/ (2δ ). Taking a domain of duration 2δ = 5τ p , a pulse with of τ p = 1 ps at a repetition rate of τ −1 = 1 GHz, yields a speedup m = 200, i.e., a 24 hours simulation with, e.g., slow thermal effects or transverse diffraction could potentially be achieved in a few (∼ 7) minutes. 
